Abstract Voluntary counselling and testing (VCT) is promoted as a potential HIV prevention measure. We describe trends in uptake of VCT for HIV, and patterns of subsequent behaviour change associated with receiving VCT in a population-based open cohort in Manicaland, Zimbabwe. The relationship between receipt of VCT and subsequent reported behaviour was analysed using generalized linear models with random effects. At the third survey, 8.6% of participants (1,079/12,533), had previously received VCT. Women who received VCT, both those positive and negative, reduced their reported number of new partners. Among those testing positive, this risk reduction was enhanced with time since testing. Among men, no behavioural risk reduction associated with VCT was observed. Significant increases in consistent condom use, with regular or non-regular partners, following VCT, were not observed. This study suggests that, among women, particularly those who are infected, behavioural risk reduction does occur following VCT.
Introduction
Voluntary Counselling and Testing (VCT) is promoted as a primary prevention strategy to reduce the heterosexual transmission of HIV in sub-Saharan Africa [1] . Pre-and posttest counselling sessions are an opportunity to provide information on HIV, correct misconceptions, assist with risk assessment, provide emotional support, encourage disclosure of serostatus to partners, and discuss a risk reduction plan if necessary. To prevent new infections, VCT must motivate individuals to adopt safe sexual behaviour. Modelling studies have demonstrated the particular importance of sustained behaviour change and of reduced risk behaviour among those not infected in determining the population level impact of VCT, since these are the majority at risk [2] .
Data from twelve African Demographic and Health Surveys conducted between 2003 and 2005, indicate that a median of only 12% of men and 10% of women had been tested for HIV and received their results [3] . However, provision of VCT in countries with generalized or highburden epidemics has expanded dramatically in recent years, largely because of increased financial resources to provide treatment [3] . Recent guidance issued by WHO and UNAIDS recommends a routine (''opt-out'') approach to provider-initiated HIV testing and counselling [4] . In Botswana, the policy of routine HIV testing, implemented since 2004 [5] , has led to rapid increases in testing uptake, with almost half of adults reporting having tested for HIV in a recent population based study [6] .
Scale-up of testing services is closely linked to providing antiretroviral treatment [7] . However, for treatment programmes to be sustainable, reductions in incidence are required [8, 9] . Thus, preventing new infections through the provision of high quality counselling should be another, equally important, aim.
To date, there has been mixed evidence for the efficacy of VCT in promoting safer sexual behaviour in developed and developing countries [10, 11] . A multi-centre randomized controlled trial [12] and a number of observational studies in Africa have indicated moderate behavioural changes following VCT [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . However, the greatest changes observed in these studies were among those testing positive and those in sero-discordant partnerships and little evidence exists for behavioural risk reduction among those found not to be infected [22, 23] . There is also concern as to whether the standard of VCT that can be administered in trials can realistically be provided and maintained routinely. Given the importance of longevity of behaviour change, and the lack of behavioural risk reduction among the majority of those testing (i.e. HIV negative individuals), the evidence for the effectiveness of VCT as a HIV prevention measure is relatively weak.
Longitudinal data on individuals receiving standard VCT, from the Manicaland cohort study, provides an opportunity to assess the association between receiving VCT and behaviour change, outside of an intervention trial of the efficacy of VCT. The aims of this study are to (1) describe the overall trends in uptake of VCT and (2) assess the patterns of behaviour change associated with receiving VCT, including whether they are sustained.
Methods

Participants
The Manicaland HIV/STD Prevention Project is a population-based open cohort study [24, 25] . Participants were recruited from four subsistence farming areas, two small towns, two roadside trading areas, and four forestry, coffee and tea estates in the Manicaland province of Eastern Zimbabwe. A preliminary household census was carried out at each site to identify individuals eligible for the study. The baseline survey was carried out in a phased manner from 1998 to 2000. Second (2001 Second ( /2003 and third (2003/2005) rounds of the survey were conducted at each site, providing two rounds of follow-up for those retained from baseline and creating an open cohort with newly eligible individuals being recruited at each round. Initially, men aged 17-54 years and women aged 15-44 years were recruited with only one member of each marital union being selected at random to participate. In the third round, the entry criteria were extended to include all men and women aged between 15 and 54 years with both members of a marital union being eligible to participate. The household participation rates were 98, 94 and 96% in the first, second and third surveys, respectively. Individual participation rates were 79, 79 and 83% in the first, second and third surveys, respectively.
Dried blood spots were obtained for anonymous HIV serological testing. This testing was carried out using a highly sensitive and specific antibody dipstick assay [26] .
Voluntary Counselling and Testing Services
Participants were offered free HIV counselling and testing at each survey. This service was available at a mobile clinic which was present within the study site at the time the survey was being conducted. Participants receiving VCT from the research programme did so after completing the survey questionnaire. During the baseline and second surveys, VCT clients were asked to return 2 weeks after testing, to receive their results and post-test counselling. At the third survey, rapid testing was introduced and clients received their results and post-test counselling on the same day of testing. Counselling was provided by trained male and female nurse counsellors. For those who participated in the third survey and had previously received VCT, the mean duration of preand post-test counselling was 37 and 21 minutes, respectively. Data regarding duration of counselling was not collected in the earlier surveys. VCT services provided by government and non-governmental organizations became increasingly available in the study areas over time.
Measures
Demographic and sexual behaviour data were collected at each survey. An informal confidential system of voting was used to collect behavioural data as a means of reducing social desirability bias [27] . Participants indicated their answer to each question on a colour coded voting strip, which they then placed in a locked ''voting'' box.
Behaviours which were analysed included the number of times the participant had visited a bar/beer hall in the previous month (which is known to be associated with risky sexual behaviour [28] ), whether the participant had a sexual partner in the last month, the number of new partners in the last year, whether the participant had multiple concurrent partnerships (self-defined), and whether the participant reported consistent condom use (condoms used in all acts of intercourse over the most recent 2 weeks period) with regular (partnerships of greater than 1 year's duration) and non-regular partners.
Data Analyses
All analyses considered the non-virgin population who had an unambiguous anonymous dipstick HIV test result.
Participants who reported having been tested for HIV and having received their results were defined as having received VCT. Unfortunately, in the baseline survey, receipt of results was not established.
A binary indicator based on time since last test and collection of results was created which captured whether or not an individual had previous experience of VCT at each round. Reports given by respondents in the second survey were used to identify those who had received VCT previous to the second survey (i.e. at the first survey and between the first and second survey). Reports given by respondents in the third survey were used to identify those who had received VCT previous to the third survey (i.e. at the second survey and between the second and third survey).
Binary indicators were created for each of two time periods since receiving VCT (within the last 2 years and 2-3 years ago). These time-since-testing indicators were included in the models, to investigate how the effect of VCT changed with length of time since testing.
In analyzing the relationship between behaviour and VCT, we are interested in comparing behaviour before and after receiving VCT. Most reported behaviours refer to the month previous to the survey, so only those receiving VCT before that month are defined as having received VCT. However, number of new partners in the last year relates to a longer pre-survey period, so, for this variable only, those who tested over 12 months previously are defined as having received VCT.
Generalized linear models with random-effects [29] were fitted to investigate the reported behaviours in the study, including VCT as a variable in the model. Models adjusting for age (5 year categories), calendar year and marital status were fitted. Variables were dropped from the model one at a time if inclusion did not significantly improve the fit of the model (P \ 0.05, likelihood ratio test).
In effect, these models allow us to explore behaviour change over time comparing those who received VCT to those who did not receive VCT, stratified by sex and HIV status. Repeated observations for individuals within the cohort mean that the data are not independent. This clustering of the data is incorporated explicitly in the model equations and the likelihood calculations using an individual-specific term (Gamma distributed for Poisson models, Gaussian distributed for Logistic models). Numeric outcomes were analysed using Poisson generalized linear models and binary outcomes were analysed using Logistic generalized linear models.
For those who tested, HIV status at the time of receiving VCT was used for stratification. In stratifying our analysis according to HIV status, we intended to examine whether those who received a positive test result changed their behaviour more than those with similar initial risks. However, we were also interested in changes in behaviour among those who received VCT and were negative at the time of testing. If we included those who seroconverted subsequent to VCT as positive in this analysis, we would bias our results for those testing negative to only those who remain negative. Therefore, those who seroconverted following VCT were considered as HIV negative in the analysis, as this was their status when they received VCT. Those who did not test and who seroconverted during follow-up were categorized as positive in the analysis. This assumption applied to 228 individuals (174 seroconversions among non-testers between baseline and the second survey and 52 between the second and third surveys). A sensitivity analysis showed that overall findings were unchanged when these individuals were assumed to be negative in the analysis.
Results
Survey Participation and Participant Characteristics
The open cohort consisted of 17,874 individuals; 7,559 men (42%) and 10,315 women (58%). The mean length of follow-up time was 4.2 years. At baseline, the median age among men was 29 years, compared to 30 years among women. HIV prevalence was 19.4, 17.9 and 16.5% among men aged 17-54 years in the first, second and third [30] . The socio-demographic characteristics of study participants included in this analysis are presented in Table 1 . Baseline behavioural data was compared for those who participated in all three surveys and those who were lost to follow-up due to migration, death, refusal or unavailability at the time of the follow-up visit. Those who were lost to follow-up were significantly more risky in terms of beer hall attendance, new partners in the last year, partners in the last month and number of current sexual relationships, without adjusting for age and sex (v 2 test, P \ 0.01 for all comparisons). These individuals also reported more consistent condom use (13% amongst those lost to follow-up vs. 7% amongst those not; v 2 test statistic 24.5 (1 df), P \ 0.01) with regular partners and (48% vs. 33%; v 2 test statistic 8.1 (1 df), P \ 0.01) with non-regular partners.
Overall, there have been declines in reported risk behaviours, among both men and women, during the study period. The mean levels of reported behaviour among men and women at the first survey and by testing status at the third survey are presented in Table 2 .
Uptake of Testing and Counselling
The reported uptake of testing, counselling and collection of results at each survey is shown in Fig. 1 . In the second survey, 18% (1,216/6,559) of participants reported having had a previous HIV test. However, of these, only 56% (680/1,216) reported collecting their test results. In the third survey, 10% (1,248/12,533) of participants reported having tested. Of these, 86% (1,079/1,248) received their results. Overall, 8.6% (1,079/12,533) of participants in the third survey were defined as having previously received VCT. Individuals receiving VCT from the research programme at the third survey are not defined as having received VCT for analysis purposes, as they received VCT after completing the survey questionnaire.
VCT and Subsequent Sexual Behaviour
Against a background of considerable declines in risk behaviour, including reductions in casual sex, [25] , no significant additional behavioural risk reduction associated with VCT was observed among either HIV positive or negative men (Table 3) . Women who received VCT reduced their number of new sexual partners in the last year more than those who did not test (Table 3 ; Fig. 2 ). This was true regardless of HIV status, but greater additional reductions were observed among those receiving a positive test result. Women receiving a positive result also reduced their bar attendance in the last month more than those not testing. Men testing positive and women testing negative tended to report more visits to beer halls in the last month. Overall, levels of consistent condom use increased among men and women testing positive; however, these were not significant changes (Table 3) . The effect of VCT in reducing risk behaviour increased with greater time (2-3 years) since testing among those testing positive, with respect to new sexual partners in the last year and bar attendance (Fig. 3) . No significant trends were observed in the effect of VCT over time with respect to sexual partners in the past month. Reduced levels of concurrency, among those testing positive, were maintained for 2-3 years following testing.
Discussion
As a scale-up in provision of VCT services and access to treatment in sub-Saharan Africa is underway, it is important to monitor the uptake of VCT and its impact on sexual behaviour. In this rural Zimbabwean population, the uptake of VCT services is increasing gradually, but remains low compared with some other countries with generalized HIV epidemics [3] . Promisingly, we found that women receiving VCT reduce the number of sexual partnerships they form. Although the changes were greatest for those testing positive, substantial reductions were also seen for those receiving negative test results. Similar patterns of change were observed for men, but the differences were smaller and not statistically significant. These gender differentials in the effectiveness of VCT for promoting safer sexual behaviour suggest that women may be more receptive to risk reduction counselling than men, in this setting. These risk reductions observed following VCT are particularly encouraging because they are not based on results from a trial of VCT, where services may be implemented more assiduously than they can be done when scaled-up.
Reductions in risk appear to be maintained or even enhanced, only for those testing positive, perhaps due to deteriorating health. However, inconsistencies in reporting of time since receiving VCT suggest recall bias may have affected these results. An informal confidential voting method was used to minimise social desirability bias in reported sexual behaviour following receipt of risk reduction counselling. Furthermore, the counselling provided by the study was intended to be supportive and not didactic. Also, there was no evidence for increases in consistent condom use. The finding that those lost to follow-up tended, in some respects, to be of a higher risk profile than those followed-up over the study period may mean that we underestimated the potential effect of VCT, since high risk individuals have the greatest potential for substantial reductions in risk. These results confirm previous findings in this population, which used two rounds of data and different statistical methods, where greater reductions in risk behaviours were seen among individuals testing positive-but not among individuals testing negative-than in the general population [19] . However, importantly, concerns over increased risk behaviour among individuals testing negative, were not confirmed in the current study. The differences in findings may reflect changes occurring over time in the context, nature (including quality), profile of testers, and effect of VCT, as well as the differences in the statistical methods used. Unlike in the earlier analysis, account was taken here of the magnitude of change in particular behavioural variables. Furthermore, the current analysis is stratified by HIV infection status, whereas the earlier report was based on separate comparisons between positive and negative individuals who took up VCT and all individuals (i.e. positive and negative individuals combined) who had not received VCT. Overall, evaluating the evidence for the impact of VCT on sexual behaviour is difficult because studies are diverse with respect to design, outcome measures, statistical analyses and comparison groups, participant characteristics and service provision. Our finding that VCT is more effective for risk reduction among those testing positive is consistent with findings from a multicenter randomized controlled trial [12] . However, this study reports reductions in formation of new partnerships, whereas the outcome of interest in the randomized controlled trial was unprotected intercourse. Nonetheless, our findings are generally consistent with the conclusions of two previous meta-analyses [10, 11] . Our findings are in contrast to those of Matovu et al. [23] , who report no difference in number of sexual partners among acceptors and non-acceptors of VCT, and no significant change in risk during follow-up among those who accepted or refused VCT, in Rakai, Uganda. However, almost half of participants (50.9% of VCT acceptors and 41.2% of non-acceptors) had previously received homebased VCT from the Rakai program. Thus, it may not be surprising that no behavioural differences were observed.
In Zimbabwe, there have been widespread reductions in risk behaviour over the study period [25] . We observed declines in risk behaviour among individuals who did not test, as well as among those who tested. However, these behavioural trends have been accounted for in these analyses, in order to distinguish behavioural changes associated with receiving VCT from background reductions in risk. It is encouraging that VCT can be effective in reducing risk behaviour in such a context but it is not known whether the level of uptake of VCT or the more extensive reductions in risk behaviour seen amongst individuals who took up VCT would have been the same in the absence of this underlying pattern of behaviour change. Previous studies of VCT services in Zimbabwe have achieved higher levels of uptake than was observed in the current study in contexts such as antenatal clinics [31] , workplace VCT programmes [32] , and mobile same day testing [33] . The profile of testers and the effect of VCT are likely to differ according to the method of VCT provided and the specific context in which it is offered, so it is uncertain to what extent our results can be generalized beyond the particular study setting [34] [35] [36] . Furthermore, the current study was undertaken in the pre-ART era. The expansion of VCT services, provision of treatment, and the switch to providerinitiated VCT will likely have important implications for the demand for VCT and its effect on sexual behaviour. Lack of treatment has almost certainly been a barrier to uptake of VCT in this population, as the majority (83%) of participants at the third survey reported that they would test if cheap treatment was available.
Our data do not capture short-lived changes in behaviours measured over the short-term, such as consistent condom use and concurrency. Thus, if an individual reduced their risk immediately after VCT, but this risk reduction was not maintained until the subsequent study survey, this change would not be identified. Mathematical modelling studies of the population-level impact of VCT have found that a critical determinant of the preventive benefits of VCT is the duration of changes in behaviour [2] . If high risk sexual behaviour is reduced following VCT, but these reductions are not maintained, the epidemiological impact of the intervention will be greatly reduced. Furthermore, slight changes in behaviour among negative individuals can result in substantial impact at the population level as the majority of the population will be uninfected.
VCT arguably represents the best opportunity for encouraging sexual behaviour change, which is essential if the transmission of HIV is to be abated and the provision of treatment is to be sustainable. Provision and uptake of testing is increasing as efforts to find infected individuals to start therapy intensify. But, for VCT to be a successful prevention intervention, it must lead to sustained risk reduction among both infected and uninfected individuals. Thus, the importance of adopting and maintaining reductions in risk behaviour must be emphasized through highquality counselling.
